Rheumatoid arthritis *is considered a disease which involves the connective tissue and supporting structures of the body with its primary nidus in the interfibrillar ground substance of these structures (1) . The ground substances are thought to be composed of mucopolysaccharide-protein complexes. The nature of two of the polysaccharides is known-chondroitin sulfuric acid and hyaluronic acid. The latter has been isolated from skin, the vitreous of the eye and from synovial fluid (2) .
The synovial space has been regarded as an enlarged tissue space (3) and synovial fluid may be obtained with relative ease in many patients with rheumatoid arthritis. A study of the hyaluronic acid in the synovial fluid of patients with rheumatoid arthritis in contrast to normals seemed worthwhile as the characteristics of the hyaluronic acid thus obtained might parallel changes in other mucopolysaccharides in the smaller connective tissue spaces throughout the body.
Hyaluronic acid in synovial fluid is the component of the fluid which is responsible for its high viscosity (4) . A variety of quantitative viscosimetric methods have been applied to the viscous nature of synovial fluid since 1925 (5). These have yielded conflicting data but most seem to agree that normal joint fluid is a very viscous material (6). Bauer, Ropes and Waine (3) demonstrated that there is a wide range of viscosity values obtained from both normal and pathological fluids. We have shown that the viscosity of normal human knee joint fluid varies inversely with the degree of peripheral edema present (7) . When joint fluid or purified hyaluronic acid is diluted with 0.85 per cent saline or distilled water an exponential curve is obtained (8, 9) , and with fluids of high viscosity small increments of diluent fluid cause marked decreases in viscosity. For these reasons, viscosity alone cannot be taken as an index of the concentration of hyaluronic acid or of the extent of polymerization of the mucopoly-saccharide. The concentration of hyaluronic acid may be approximated by the mucinclot method of Bauer et al. (3) , but the clot thus formed contains both protein and hyaluronic acid and changes in protein concentration could cause errors in the determination of hyaluronic acid concentration. Recently a method has been described whereby the hyaluronic acid content of 1 cc. of fluid can be determined with an accuracy sufficient for a biological method (2) .
MATERIALS AND METHODS
Joint fluid was drawn at autopsy from the knees of 11 patients without joint disease. In some of these insufficient fluid was obtained for a 5-cc. viscosimeter. These fluids were diluted with 0.85 per cent saline and the viscosity and turbidimetric determinations of hyaluronic acid were made on the same diluted sample. Fluid was obtained from one or both knee joints of 35 patients with rheumatoid arthritis. Viscosity was determined as described previously (7) . Hyaluronic acid concentration was determined by the method of Meyer (2).
The exponential curve derived from dilution of synovial fluid or pure sodium hyaluronate becomes a straight line when the logarithm of the viscosity is plotted against dilution ( Figure 1 ). Dilution mirrors the concentration of hyaluronic acid and thus a straight line relationship exists between the log viscosity and concentration. A quotient obtained by dividing the log viscosity by the concentration would be constant for a given fluid regardless of the amount of diluent extracellular fluid introduced. Since the increased viscosity of synovial fluid is due almost completely to the hyaluronic acid present (7, 10) and the viscosity is an index of the polymerization at a given concentration, this quotient gives an approximation of the mean polymerization of the hyaluronic acid present in a sample of fluid. A highly viscous fluid with a low concentration would yield a high quotient and would indicate an highly polymerized hyaluronate. Thus the extent of polymerization would vary directly with the quotient.
RESULTS
In the normal fluids examined, Table I polymerized hyaluronate would have a quotient of ten or above. In the fluid from patients with rheumatoid arthritis (Table II) , the quotient was with few exceptions less than ten, which would imply that the hyaluronate in these fluids was less highly polymerized. The severity or intensity of the disease seems to bear some relation to the extent of polymerization of the hyaluronate. With one exception, patient A. Da., all patients in the group with a quotient above 8.10 exhibited few of the criteria of a generalized illness. With the exception of A. Da., these patients could be grouped as smouldering cases or cases in remission. The four patients with quotients above ten were all what is commonly known as "burned-out cases" of long duration with resultant deformity and few signs of active disease. On the other. hand, patients in the group with a quotient below 8.10 were sick, had many complaints such as fatigability, weight loss, and fever in a few, and exhibited the subjective symptoms which are commonly associated with activity of the rheumatoid process.
The concentration of hyaluronic acid in the patients with rheumatoid arthritis was similar to the concentration in the normal group, but the volume of fluid obtained from the patients with rheumatoid arthritis was far in excess of that removed in the normals. In one patient, R. Re., as much as 300 cc. of fluid were removed at regular monthly * Factor was determined from dilution indicated in the Table. intervals from the right knee joint and it is not uncommon to remove amounts of 50 to 70 cc. at frequent intervals from patients with rheumatoid arthritis. On the other hand, it is rare to obtain as much as 5 cc. of fluid from a normal knee joint and 2 cc. is the usual amount which it is possible to withdraw. Therefore, the total amount of hyaluronate found in patients with rheumatoid arthritis is far in excess of that found in normal knees. Our results may be summarized as demonstrating an increased amount of hyaluronate with a low degree of polymerization in patients with rheumatoid arthritis, the extent of polymerization varying inversely with increasing activity of the disease. 
DISCUSSION
The findings presented suggest one of two possibilities: (1) that the hyaluronate has been depolymerized-an active breakdown, and (2) that the hyaluronate has been incompletely polymerized due to a failure in synthesis in active rheumatoid arthritis. We have never been able to detect hyaluronidase in joint fluid and Ropes (9) has been unable to demonstrate the enzyme in synovial tissue or in periarticular tissue. If this low degree of polymerization is due to enzymatic action with depolymerization, the hydrolysis stops at an early stage, since the hyaluronate continues to exist in the fluid in a relatively highly polymerized form. The fiber formation which occurs in normal joint fluid on acidification and addition of normal horse serum (11) is also found to a slight degree in a few fluids from patients with rheumatoid arthritis. In these the polymerization quotient is usually high and the fiber formation may be regarded as an indi-cation of the presence of highly polymerized hyaluronate in the fluid. The disappearance of fibers and appearance of colloidal turbidity upon exposure to minute amounts of hyaluronidase means simply that the hyaluronate is less highly polymerized. This does not explain satisfactorily the cause of the relatively low polymerization of the hyaluronate in rheumatoid arthritis since hyaluronate depolymerized in the process of purification by methods completely free of enzymatic hydrolysis also gives a colloidal turbidity. We have no definite evidence as to cause of this decrease in polymerization, but in vivo conditions usually are sufficiently mild to preclude physical depolymerization.
The increased total amount of hyaluronate found in rheumatoid arthritis cannot be explained by the action of hyaluronidase and presupposes that the primary defect lies in the synthesis of this polysaccharide rather than in its enzymatic hydrolysis or non-specific depolymerization. An increased production of incompletely polymerized hyaluronate in rheumatiod arthritis would explain our findings adequately. The site of formation of hyaluronic acid is not known but there is presumptive evidence (2) that the precursor, a disaccharide, is formed in the liver and that the high polymer form is elaborated in the connective tissue. The data presented here would suggest that in rheumatoid arthritis, the primary fault is in the connective tissue cells which are unable to conclude the synthesis of high polymer mucopolysaccharide when presented with oligosaccharides by the liver. An increased formation of incompletely polymerized hyaluronate would be in accord with the histologic changes in this disease in which over growth of connective tissue cells in the form of granulation tissue is the characteristic microscopic finding. This is, furthermore, in keeping with the present concept based on morphopathological as well as clinical grounds that rheumatoid arthritis lies in the realm of the mesenchymal or connective tissue diseases ( 11) . CONCLUSION 1. The extent of polymerization of joint fluid hyaluronic acid may be estimated by a quotient derived from the log of the viscosity divided by the hyaluronic acid concentration.
2. In the joint fluid from patients without joint disease, this quotient was found to be above ten.
3. In joint fluid from patients with rheumatoid arthritis, the quotient was below ten with few exceptions, indicating the presence of incompletely polymerized hyaluronate.
4. The extent of failure of complete polymerization varied with the activity of the disease process. When the disease was more active, the degree of polymerization was less.
5. In rheumatoid arthritis there is an increased production of low-polymer hyaluronate.
6. The bulk of the evidence suggests that the defect in rheumatoid arthritis lies in the normal process of polymerization rather than the excessive breakdown of hyaluronic acid.
